INTRODUCTION
Basal cell carcinoma (BCC) of the skin is histomorphologically and phenotypically very heterogeneous neoplasia. In contrast to most other cancers, it possess some unique features, such as slow local growth, strong stroma-dependency, and virtual absence of metastases [1] [2] [3] [4] [5] . Although mortality rates are very low, some BCCs may grow aggressively causing extensive tissue destruction and repeated recurrences after treatment [1] [2] [3] [4] . Therefore, based on different biological behaviour and prognosis we distinct two BCC subgroups: Indolent subtypes (superficial and nodular), and aggressive subtypes (infiltrative, micronodular BCC and metatypical carcinoma) [1, 3] . Recently, there is not definitively explained, whether they are a part of a continuous spectrum of tumorigenesis, starting with indolent and ending with aggressive forms, or they represent separate developmental lines [6] .
Untill now, various biomarkers have been identified in cutaneous BCC involved in the mechanisms of cancer evolution and progression, some of which have or could have a great importance in predicting further clinical outcome [6] . Among them, E-cadherin has been studied in several papers [7] [8] [9] [10] [11] [12] giving diverse or contradictory conclusions. Cadherins comprise a large family of transmembrane or membrane-associated calcium-dependent glycoproteins that mediate specific cell-cell adhesion and function as a key molecule in the histogenesis of various organs. They play a crucial role during embryogenesis and morphogenesis, as well as in the maintenance of adult tissue microarchitecture [14] . Intracellulary, they interact with several proteins, collectively termed catenins, which link them to the actin-based cytoskeleton. The cadherin family consists of at least five major subfamilies, i.e. "classical" cadherins of type I (including the best known epithelial E-cadherin, neural N-cadherin and placental P-cadherin), closely related cadherins of type II, desmosomal cadherins, protocadherins, and a variety of cadherin-related molecules [13] . The prototype of all cadherins is generally considered E-cadherin because it belongs to the most important molecules in cell-cell adhesion in epithelial tissue and has probably been studied in most detail, both in normal and pathological conditions [13, 14] .
The human E-cadherin gene CDH1 plays (besides other functions) a major role in tumor development and progression [14] . The suppression of E-cadherin production is regarded as one of the main molecular events responsible for dysfunction in cellular adhesion and tissue integrity, that help in local tumor invasion. Therefore, loss of function of E-cadherin or inactivation of cadherincatenin complex correlates with dedifferentiation and acquisition of the invasive and metastatic potential of tumor cells, resulting in it being referred to as the "suppressor of invasion" gene [14] . In biopsy specimens, reduced or loss of E-cadherin expression correlates with epithelial cancer cells dedifferentiation and was found as an indicator of unfavourbale prognosis in many human malignancies, for example in oral squamous cell carcinoma [15] , oesophageal carcinoma [16] , carcinoma of the breast [17] , ovarian carcinoma [18] , pancreatic adenocarcinoma [19] , rectal carcinoma [20] , or nonsmall cell lung cancers [21] . Thus, these observations suggest that E-cadherin is implicated in the acquisition of invasive and metastatic potential of human cancer cells. Among skin malignancies, reduced expression of E-cadherin has been well documented in squamous cell carcinoma [22, 23] . However, in cutaneous BCC, although it is the most common malignancy in humans, this relationship is still unclear. As mentioned above, several studies have been published to date dealing with this issue in human BCC, some of which provided conflicting results. Whereas some authors [9] [10] [11] [12] demonstrated that expression of E-cadherin in BCC cells was quite frequently reduced and its decrease or loss was associated with more aggressive tumor biology, the results of other studies [7, 8] did not confirm such assumption. Therefore, we focused on immunohistochemical analysis of E-cadherin expression in BCC to elucidate these discrepancies and to throw light on its potential role in the pathogenesis of this cancer.
MATERIAL AND METHODS

Tissue Specimens
Biopsy samples from 41 chosen cases of cutaneous BCCs of different histological types from various anatomical locations were enrolled into this study. They were obtained from 33 subjects (22 men, 11 women) in the age range 35 -91 years (mean age 73.4 years). Topographical distribution of the tumors was as follows: head and neck (n = 32), trunk (n = 5), and extremity (n = 4). All patients were treated at the clinical departments of the Faculty Hospital in Zilina (Slovakia) and biopsy specimens were histopathologically investigated at the Department of Pathology in Faculty Hospital in Zilina during year 2014. For the purpose of this study, we deliberately selected a set of representative samples of cutaneous BCCs included four basic histomorphological subtypes: superficial, nodular, mixed nodular-infiltrative and infiltrative. We aimed to achieve two separate subgroups comprising roughly the same number of tumors. Thus, the first subgroup consisted of 21 indolent (non-infiltrative) BCC subtypes (5 superficial, 16 nodular) characterized by expansive growth pattern with clearly visible peripheral palisading. The second subgroup consisted of 20 BCCs with (at least focal) infiltrative growth pattern (11 nodular-infiltrative, 9 infiltrative subtypes), which was characterized by strands, cords or small separate tumor clusters without peripheral palisading, that invaded adjacent stroma. Metatypical BCC cases were exluded due to their intermediate features with squamous cell carcinoma. Only samples with enough tumor tissue in the paraffinembedded blocks to harvest appropriate slides for immunohistochemistry were chosen.
Immunohistochemistry
Tissue specimens were routinely processed and immunohistochemical stained for E-cadherin. Briefly, representative 4-μm tissue sections applied on silanized slides were baked for 2 hours in an oven at 56 °C. Then the sections were deparaffinized in xylene for 2 x 15 minutes, rehydrated in series of descending ethanol concentrations and treated with microwaves in a 0.01 M citrate buffer (pH 6.0) for 15 minutes. The endogenous peroxidase activity was blocked with 3 % hydrogen peroxide for 10 minutes, followed by incubation with TBS (tris-buffered saline) solution (pH 7.6). Subsequently, specific monoclonal mouse anti-human antibody against E-cadherin (clone NCH-38, code M3612, DAKO, dilution 1: 50) was used for staining. After overnight incubation at ambient temperature, post primary antibody (rabbit anti mouse IgG and anti rabbit Poly-HRP-Ig containing 10 % animal serum in TBS, Leica Biosystems) was applied and an immunoreaction was visualised by means of the DAB (3,3'-diaminobenzidine) detection chromogen solution (Leica Biosystems) according to manufacturer's instructions. Slides were counterstained with Weigert's hematoxylin, dehydrated, mounted and finally evaluated in the light microscope.
Immunohistochemical Interpretation
According to study previously published by Pizzaro et al. [9] we classified the intensity of immunostaining in tumour cells as (+ +) when as strong as the normal epidermis, (+) when weak, and (-) when cells were not stained. After including a total percentage of immunolabelled tumor cells, as proposed Pizzaro et al. [9] we differed following four cathegories: a) BCC with preserved E-cadherin expression (more than 75% of the tumour cells were strongly (+ +) stained), b) BCC with slightly reduced E-cadherin expression (more than 25% of the tumour cells were positively stained but less than 75% of the tumour cells were strongly (+ +) stained), c) BCC with severely reduced E-cadherin expression (more than 75% of tumor cells were not stained), and finally d) BCC with absent E-cadherin expression (immunostaining was completely lost). In addition, we qualitativelly differed homogeneous and heterogeneous pattern of E-cadherin immunoreactivity. Homogeneous pattern was characterized by virtually the same staining intensity (regardless strong or weak) throughout the whole immunolabeled tumor tissue. In heterogeneous pattern, tumor areas with variable intensity of the immunolabeled cells (strong versus weak) were clearly visible.
Statistical Analysis
Data were collected in a databank, using a software SPSS Statistics. For the statistical analysis, chi-square test was employed and P value < 0.05 was considered to indicate statistical significance.
Ethics
This study was performed on human subjects; thus, all patients were aware of the presence of the study and they were fully informed about the drug and its side-effects.
RESULTS
E-cadherin was expressed in all tumor specimens with variable quantitative range and intensity showing a linear pattern around the periphery of the cancer cells. A faint diffuse cytoplasmic staining was also observed in a minority of cases. No nucler immunoreactivity was detected. Overall, there were 19 cases (46.3%) with preserved ( Fig. 1 ) and 22 cases (53.7%) with reduced E-cadherin expression, of which 15 cases were slightly and 7 cases severely reduced. None of the tumors investigated showed a completely negative staining. In superficial, nodular, mixed nodular-infiltrative and infiltrative BCC subtypes, reduced E-cadherin immunoreactivity was found in 40% (2/5), 56.2% (9/16), 54.5% (6/11) and 55.5% (5/9), respectively. Among them, severely reduced expression (< 25 % of entire tumor tissue) was seen in 40% of superficial BCCs (2/5), in 18.7% of nodular BCCs (3/16), in 9.1% of nodular-infiltrative BCCs (1/11), and 14.2% of infiltrative BCCs (1/7) (Fig. 2) . We did not confirm a statistically significant correlation between immunohistochemical expression of E-cadherin (preserved versus reduced) and both given, non-infiltrative and (at least focally) infiltrative BCC subgroup (p = 0.8). In general, among four histological subtypes, diminished E-cadherin expression occured most commonly in nodular-infiltrative BCCs. However, when we precisely analyzed microarchitecture in all 11 cases we have found that in both structural components, virtually the same immunostaining intensity was seen in eight cases (72.7%) (Fig. 3) . Only one tumor showed a weaker immunoreactivity in the infiltrative component and surprisingly, in the remaining two cases, tumor areas with infiltrative growth seemed to have a stronger immunopositivity compared to nodular component. As for spatial distribution, indolent (noninfiltrative) BCC subgroup usually showed a widely homogeneous staining positivity (16/21, 76.1%) throughout the tumor mass regardless of whether preserved or reduced E-cadherin expression. On the other hand, in infiltrative BCC subroup, a heterogeneous staining positivity (16/20, 80.0%) was more commonly seen. We confirmed a significant correlation between immunoreactivity pattern of E-cadherin and tumor growth microarchitecture in terms of more frequent heterogeneous pattern in BCCs with infiltrative growth features (p < 0.003). Further, while homogeneous pattern was more commonly associated with membranous E-cadherin positivity solely (18/20, 90%), heterogeneous pattern was mostly associated with mixed cytoplasmicmembranous positivity (15/21, 71.4%). In spite of this qualitative diversity of E-cadherin expression, none of the 41 cacinomas examined manifested apparent decreasing staining intensity in tumor tissue with increasing depth of invasion. Although BCCs having heterogeneous E-cadherin pattern exhibited mixed, weak and strong positive areas, as well as population of negative cells intermingled with clusters of positive cells, there were not convincing differences either between the central and peripheral parts of tumor mass, or in the vertical dimension. Interestingly, some BCCs belonging to infiltrative subgroup showed much more pronounced E-cadherin expression at the invasive fronts of tumor mass, which invaded deeply into the corium or subcutis (Fig. 4) . Moreover, one of them also exhibited a multiple perineural tumorous infiltration (Fig. 5) , which is a sign of aggressive tumor behaviour. There was not found a statistical correlation between E-cadherin expression and tumor ulceration (p = 0.1) or gender (p = 0.7). A summary of the morphological characteristics and immunohistochemical findings in our set of BCCs divided into two subgroups described above is presented in Table 1 and 2.
DISCUSSION
This paper describes immunohistochemical expression status of cell-cell adhesion molecule E-cadherin in a panel of 41 human BCCs of the skin. As pointed above, we found reduced E-cadherin expression in 53.7% cases investigated, indicating a relatively common phenomenon. More importantly, we did not shown significant association of decreasing production of E-cadherin with more aggressive tumor growth. It should be noted, however, conflicting views have been reported on the role of E-cadherin status in BCC carcinogenesis and biological behaviour until now. For example, some authors [7, 8] immunohistochemically analysed E-cadherin in cutaneous BCCs and found, it was strongly expressed in most cases examined. From the results of their studies they suggested, virtually no metastatic potential of cutaneous BCC may be due to retention of high levels of E-cadherin production in tumor cells. However, another group of authors claimed [9] [10] [11] [12] that intensity of E-cadherin expression in BCC is variable and depends on tumor histomorphology, being weaker or even absent in the infiltrative (morpheaform) subtypes. Two decades ago Pizzaro et al. [9] analysed 31 cutaneous BCCs and found, E-cadherin expression was preserved in all specimens of superficial and nodular BCC, but 66.6 % of the infiltrative BCCs showed decreased expression. Statistical analysis showed a significant association between reduction in E-cadherin expression and the infiltrative growth pattern. Based on these observations they stated, E-cadherin status may contribute to the growth pattern and the local aggressive behaviour of BCC.
Remarkably, none of the tumors in their series showed completely negative immunostaining. Therefore, there are quite surprising results in a recent work published by Papanikolau et al. [10] who observed completely absent membranous E-cadherin immunoreactivity in 71 out of 100 BCC cases. In addition, they recorded a preserved membranous E-cadherin expression only in 8% of all cases examined. Nevertheless, a decrease in membranous E-cadherin expression correlated significantly with infiltrative BCC variant, as well as depth of tumor invasion. Additional controversial results are given by Uzquiano et al. [8] who analysed a set of 32 cutaneous BCCs including 12 nodular subtypes, 10 infiltrative subtypes, and 10 metastatic forms. They found E-cadherin expression in almost the same proportion of nodular (66. %) and infiltrative BCCs (70%). However, it was demonstrated in all (100%) metastatic BCCs, of which all but one exhibited infiltrative growth features. There was a statistically significant difference in expression of E-cadherin between metastatic BCC as compared to nodular BCC, being increased in metastases. These observations are interesting and call into question a relationship between decline of E-cadherin production in BCC cells and acquisition of more aggressive tumor biology.
The results of our study suggest that aggressive growth features of BCC are not directly associated with a decrease of E-cadherin production in epithelial tumor cells. This view is supported by several facts. Firstly, reduced E-cadherin expression was observed in similar percentage of all BCC subtypes investigated, moreover, without a statistical significance between non-infiltrative and (at least partially) infiltrative growth variants. Secondly, there was observed no "vertical gradient" of decreasing staining intensity in cancer tissue with increasing depth of invasion. Thirdly, in most cases of mixed nodular-infiltrative BCCs, both structural components exhibited about the same immunostaining intensity. Finally, cases accompanied by severely reduced E-cadherin expression occured most frequently in superficial and nodular BCC, while they were uncommon in pure infiltrative BCC subtype. Therefore, we are of the opinion, decrease or loss of production of this cell-cell adhesion molecule per se is not directly implicated in the acquisition of invasive potential of BCC cancer cells. More intriguingly, we showed a correlation between pattern of E-cadherin immunoreactivity and tumor growth microarchitecture, being homogeneous more frequently in non-infiltrative subtypes and heterogeneous predominantly in BCCs with infiltrative growth features. This may indicate that qualitative aspects of E-cadherin expression have a greater importance in biological behaviour of cutaneous BCC and should be taken into account at the histopathological examination and biopsy report interpretation. For instance, such relationship has already been revealed in carcinoma of the rectum. Kanazawa et al. [20] studied 43 primary rectal cancers and found that heterogeneous E-cadherin immunostaining pattern, when compared to homogeneous one, was significantly associated with poorer differentiation of tumors and a presence of lymph node metastases. Therefore, a presence of tumor areas with notably different E-cadherin expression may suggest a cancer progression and evolution of polyclonal neoplastic cell population with unstable genotype and thus, accompanied by higher tendency for more aggressive growth. In practical terms, nodular cutaneous BCC with severely reduced E-cadherin expression, however, with homogeneous pattern of One limitation of our study is a relatively small number of cases investigated. Anyway, this number is larger than those published by Pizzaro et al. [9] and Uzquiano et al. [8] who found their observations statistically relevant. We can assume that the discrepancy with the results among individual authors may be related, at least in part, to the different proportion of BCC subtypes included in their series. The controversies may be also due to the distinct anatomic location of tumors examined, since it can not be excluded that some topographic-related factors, for example intensity of solar exposition, may influence pathogenetic mechanisms and consequently molecular phenotype of BCCs.
Recently, there is growing evidence that invasiveness and tendency of more aggressive BCC growth are largely influenced and modified by adjacent peritumorous stroma [5, 24] . Some authors [5] identified a specific molecular profile of fibroblasts isolated from the surrounding peritumorous tissue in human BCCs when compared to those extracted from other epithelial malignancies. These results suggest unique molecular phenotype of cancer-associated fibroblasts in BCC possibly accounting for diseae-specific pathological roles including stroma-dependency and "non-metastatic" behaviour. In addition, BCC cells alone exhibited some mesenchymal markers with contractile properties, such as α-smooth muscle actin or calponin [8, 25] , which are unsusual for epithelial origin and are considered to be specifically involved in the epithelial-mesenchymal transition and cancer progression.
In conclusion, E-cadherin expression in BCC of the skin is variable and its decline within tumor cells is a relatively frequent finding. There is no doubt, this important cell-cell adhesive molecule is implicated in BCC development and carcinogenesis. However, reduction of E-cadherin expression per se does not seem to directly contribute to the acqusition of more aggressive phenotype in cutaneous BCC. This may represent another peculiarity, by which BCC differs from the most other epithelial malignancies and reflect a distinct tumor biology.
